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Hepatocytes cultured for extended periods of time 
lose the ability to express alcohol dehydrogenase and 
thus, the ability to efficiently oxidize ethanol. There- 
fore, it has been difficult to investigate the effects of 
chronic ethanol oxidation by hepatocytes in vitro. To 
circumvent this problem, we have inserted the coding 
region of an exogenous alcohol dehydrogenase gene 
into an hepatic cell line. Using the human hepatocellu- 
lar carcinoma cell line. Hep G2, we have constructed 
an hepatic cell line that stably expresses alcohol dehy- 
drogenase. These recombinant cells, termed HAD 73.1 
cells, express approximately 40% of the alcohol dehy- 
drogenase activity of ft-eshly isolated rat hepatocytes. 
When the ethanol metabolizing ability of these cells 
was directly measured, the results indicated that not 
only were these cells able to metabolize ethanol at ap- 
proximately 70% of the rate of freshly isolated rat he- 
patocytes but acetaldehyde concentrations of up to 50 
fiM were detected in the medium. Furthermore, the 
level of acetaldehyde produced during ethanol oxida- 
tion was augmented by cyanamide, an inhibitor of ac- 
etaldehyde oxidation, while the ability of these cells 
to metabolize ethanol was inhibited by pjrrazole, an 
inhibitor of alcohol dehydrogenase. These results sug- 
gest that this in vitro system will be a valuable tool 
enabling detailed biochemical studies exploring the ef- 
fects of chronic ethanol oxidation on the liver and the 
mechanisms of alcohol-induced hepatic cell ii\jury. 
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One of the more serious consequences associated 
with chronic alcohol abuse is alcoholic liver disease. 
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Alcoholic liver disease is characterized by fatty liver, 
hepatocjrte necrosis, fibrosis, and ultimately cirrhosis. 
Although the pathology associated with alcoholic liver 
disease has been well documented, the underlying 
mechanism(s) of liver injury remains unclear; however, 
it appears that the detrimental effects of ethanol on 
the liver £U-e mainly due to ethanol metabolism. One of 
the major impediments in exploring the mechanisms 
of alcohol-induced liver cell injury has been the lack of 
an hepatic tissue culture system to investigate the ef- 
fects of chronic ethanol oxidation. 

The terminally differentiated hepatocytes of the liver 
oxidize the vast majority of ingested ethanol. This oxi- 
dation is mainly the result of the activity of the liver- 
specific NAD^-dependent enzyme, alcohol dehydroge- 
nase (ADH)^ (1, 2). The oxidation of ethanol by alcohol 
dehydrogenase results in the production of the highly 
reactive intermediate, acetaldehyde, which in turn is 
metabolized by aldehyde dehydrogenase to acetate. It 
has been suggested that the production of acetaldehyde 
may be responsible for some of the hepatic impairments 
attributed to the oxidation of ethanol (3-6). Unfortu- 
nately, the ability of hepatocytes to efficiently metabo- 
lize ethanol, as well as many other liver-specific func- 
tions, are rapidly lost in culture (7). Thus, it has been 
difficult to study the direct effects of alcohol oxidation 
on hepatic cells in vitro. The development of an hepatic 
cell line capable of stably oxidizing ethanol would en- 
able detailed investigations into the biochemical mech- 
anisms of hepatocyte impairment associated with 
chronic ethanol oxidation minimizing the confounding 
variables associated with experimental animal ap- 
proaches. 

We have developed an hepatic cell line that stably 
and constitutively expresses alcohol dehydrogenase. 

^ Abbreviations used: ADH, alcohol dehydrogenase; DMEM, Dul- 
becco's modified Eagle's medium; GAPDH, glyceraldehyde 3-phos- 
phate dehydrogenase; PBS, phosphate-buffered saline. 
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The recombinant cells, designated HAD cells, were con- 
structed by stably transfecting the hepatocellular carci- 
noma cell line, Hep G2, with an eukaryotic expression 
plasmid designed to express alcohol dehydrogenase. 
The human hepatoblastoma cell line, Hep G2, was cho- 
sen as the parental cell line for these experiments be- 
cause of its phenotypic similarities to hepatocytes (8). 
Although Hep G2 cells have been shown to synthesize 
and secrete a number of hepatocyte-specific factors (8, 
9), they exhibit very little alcohol dehydrogenase activ- 
ity (10). The characterization of the recombinant HAD 
cells in regard to their ability to metabolize ethanol 
and generate acetaldehyde is the subject of the present 
study. 

MATERIALS AND METHODS 

Cells and culture conditions. Hep G2 cells (9) were cultured in 
Dulbecco's modified Eagle's medium (DMEM) containing high glu- 
cose supplemented with 2 mM L-glutamine, 10% fetal bovine serum, 
and 50 /xg/ml gentamicin (complete DMEM). Sodium pyruvate was 
normally present at 1 mM, although for some experiments sodium 
pyruvate was absent or present at 10 mM. Recombinant HAD cells 
were cultured in complete DMEM containing 200 tig/ml hygromycin 
B. All cells were maintained at 37°C in a humidified environment 
containing 5% CO2. During ethanol and acetaldehyde metabolism 
studies, the grovrth media were supplemented with the indicated 
concentrations of ethanol or acetaldehyde, 25 mM Hepes, pH 7.3, and 
the cells were cultured in tightly sealed flasks to minimize evapora- 
tion of ethanol and acetaldehyde. Rat hepatocytes were isolated by 
a modification of the collagenase perfusion method of Seglen (11) as 
previously described by Casey et al. (12). 

Establishment of recombinant HAD cell lines. Hep G2 cells were 
stably transfected with pIC-14, an eukaryotic expression plasmid 
containing a cDNA copy of the murine alcohol dehydrogenase gene, 
Adh-1 (13, 14). The expression plasmid pIC-14 was constructed in a 
two step cloning procedure. First, the alcohol dehydrogenase cDNA 
was excised from pHel-66 (a kind gift from Dr. Howard Edenberg) by 
digestion with//iredIII and Smal. The 1.7-kb alcohol dehydrogenase 
containing fragment was isolated from the gel, purified, and inserted 
into the corresponding sites of pSP72 (Promega Corp.). The resulting 
plasmid was designated pIC-6. This step was necessary to facilitate 
the insertion of the alcohol dehydrogenase coding region in the proper 
transcriptional orientation with respect to the cjrtomegalovirus im- 
mediate early promoter in the eukaryotic expression vector pCEP4 
(Invitrogen Corp.). Finally, pIC-14 was constructed by excising the 
alcohol dehydrogenase coding region from pIC-6 with HinAllX and 
Kpnl, isolating the 1.7-kb alcohol dehydrogenase fragment and in- 
serting it into the corresponding sites of pCEP4. 

The recombinant plasmid, pIC-14, was transfected into Hep G2 
cells by the calcium phosphate method essentially as described by 
Graham and Van Der Eb (15). Recombinant cells were selected in 
the presence of 200 /ig/ml hygromycin B: clones were isolated and 
clonal cell lines established as previously described (16). Twenty-six 
clonal cell lines were isolated, expanded into cell lines, and screened 
for alcohol dehydrogenase activity. The cell line designated HAD 73.1 
showed the greatest alcohol dehydrogenase activity and has been 
used in all of the studies described below. 

Ribonuclease protection assays. Total cellular RNA was isolated 
from cultured cells and homogenized liver tissue by the method of 
Chomczynski and Sacchi (17). Briefly, cells were washed twice in 
PBS and resuspended in 4 M guanidinium thiocyanate. The lysate 
was extracted with phenol/chloroform/isoamyl alcohol (24:24:1) and 
then precipitated with isopropanol. RNA pellets isolated from tissue 



were washed once in 4 M LiCl to remove glycogen before being resus- 
pended in 4 M guanidinium thiocyanate and reprecipitated. 

Negative sense [''^PlUTP-labeled riboprobes were produced from 
linearized plasmid constructs using Ambion's MAXIscript in vitro 
transcription kit according to the manufacturer's instructions. 

Ambion's RPA II kit was used to perform ribonuclease protection 
assays on total cellular RNA isolated from HAD 73.1 and Hep G2 
cells, as well as murine and human hepatocytes. Briefly, 5 //g of HAD 
73.1 and Hep G2 RNA and 2 ti% of hepatocyte RNA were hybridized 
to 8 X 10° cpm of probe at 42°C overnight in 80% deionized for- 
mamide, 100 mM sodium citrate (pH 6.4), 300 mM sodium acetate 
(pH 6.4), and 1 mM EDTA. Following hybridization, samples were 
digested with 0.05 units of RNase A and 2 units of RNase T for 30 
min at 37°C. Protected fragments were separated on 5% polyacryl- 
amide gels containing 8 M urea and visualized by exposing the gels 
to X-ray film for 2 days. Probes protected 513, 316, 301, and 250 
bases for alcohol dehydrogenase, glyceraldehyde 3-phosphate dehy- 
drogenase (GAPDH), cytochrome P450IIE1, and (9-actin target 
mRNA's, respectively. 

Alcohol dehydrogenase activity. Alcohol dehydrogenase activity 
was determined by a modification of the procedure described by Crow 
etal. (18). Briefly, cells were seeded on 75-cm^ flasks at 8 x 10" cells/ 
flask and incubated at 37°C for 48 h. Following the incubation, the 
growth media was removed and the cell sheet was washed with PBS. 
The cells were lysed on the flask by addition of 1 ml of 1% Triton X- 
100. Lysates from freshly isolated hepatocytes were prepared in a 
similar fashion in culture tubes. The lysates were then sonicated five 
times for 5 s prior to assaying. The alcohol dehydrogenase assay was 
performed by adding 250 fiX of lysate to 10 mM ethanol, 3 mM NAD 
in 1-mI volume buffered with 0.5 M Tris-HCL, pH 7.4. The reaction 
components were prewarmed to 37''C prior to the addition of the 
ethanol and the change in optical density at 340 nm was monitored 
using a BeckmEui DU-70 spectrophotometer. We have expressed alco- 
hol dehydrogenase activity as nmol of NADH generated/h/mg total 
cellular protein. Following each assay the total cellular protein pres- 
ent was determined using the BCA Protein Assay Reagent (Pierce 
Chemical Company). 

Aldehyde dehydrogenase activity. Aldehyde dehydrogenase activ- 
ity was determined by a modification of the procedure described by 
Cao et al. (19). Briefly, cells were seeded and cultured as described 
above, the growth media was removed and the cell sheet was washed 
with PBS. The cells were collected in 1 ml of reaction buffer con- 
taining 100 mM NaPOj, pH 7.4, 3 mM NAD, and 10 mM pyrazole. 
The samples were then sonicated five times for 5 s and Triton X-100 
was added to a final concentration of 1% prior to assaying. Lysates 
from freshly isolated hepatocytes were prepared in a similar fashion 
in culture tubes. The enzyme assay was performed at 25°C and was 
initiated by the addition of propionaldehyde to a final concentration 
of either 25 /aM (low K„ enzyme) or 1 mM (total enzyme activity). 
Aldehyde dehydrogenase activity was determined by the change in 
optical density at 340 nm. We have expressed aldehyde dehydroge- 
nase activity as nmol of NADH generated/h/mg total cellular protein. 
Following each assay the total cellular protein present was deter- 
mined as described above. 

Ethanol metabolism. Ethanol metabolism was determined by the 
elimination of ethanol from the growth media. Briefly, 25-cm^ flasks 
were seeded at 5 x 10" cells/flask and incubated overnight at 37°C. 
The following morning the growth media was removed and replaced 
with complete DMEM containing ethanol and Hepes. Samples were 
taken from the tightly sealed flasks at various time points and etha- 
nol and acetaldehyde concentrations determined by headspace gas- 
chromatography as previously described (20). In some experiments 
alcohol dehydrogenase and aldehyde dehydrogenases were inhibited 
by the addition of 2 mM pyrazole (21, 22) or 0.1 mM cyanamide (23, 
24), respectively, to the growth medium. 
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TABLE I 



Alcohol Dehydrogenase Activity and Rates of Ethanol Metabolism in Recombinant 
HAD 73.1 Cells, Hep G2 Cells, and Rat Hepatocytes 





Alcohol dehydrogenase 


Percentage of 


Ethanol 


Percentage of 


Percentage of 


Sample 


activity" 


hepatocytes 


metabolized'' 


HAD 73.1 


hepatocytes 


Hep G2 


3.5 ± 0.87 


0.5 


18.4 ± 3.6 


7.7 


5.3 


HAD 73.1 


234 ± 18.1 


38.5 


240.1 ± 4.2 


100 


69.1 


Fresh rat 












hepatocytes 


607 ± 26.9 


100 


347.6 ± 22.5 


125 


100 



" Alcohol dehydrogenase activity is expressed as nmol of NAD- oxidized/h/mg protein and shown as the mean ± the standard error of 
the mean (SEMi of 12 samples. 

' Ethanol metabolism data are presented as nmol of ethanol cleared/h/mg protein and shown as the mean ± SEM of 12 samples. 



RESULTS 

Hep G2 cells were transfected with pIC-14. The plas- 
mid pIC-14 contains the murine Adh-1 coding region 
inserted downstream of the cytomegalovirus immedi- 
ate early promoter/enhancer in the eukaryotic expres- 
sion vector pCEP4. Additionally, pCEP4 contains the 
bacterial hygromycin B phosphotransferase gene regu- 
lated by the herpes simplex virus thymidine kinase 
promoter, which functions as a dominant selectable 
marker in eukaryotic cells. Following transfection, the 
cells were cultured in the presence of hygromycin B. 
Twenty-one days after transfecting the cells, small 
macroscopic colonies were visible and independently 
isolated. 

Initially, isolated clonal cell lines were expanded and 
assayed for alcohol dehydrogenase activity. Of the 
twenty-six cell lines established, HAD 73.1 showed the 
greatest alcohol dehydrogenase activity. Therefore, 
this recombinant cell line was chosen as the focus of 
further study. Detailed analysis of lysates from this cell 
line revealed that HAD 73.1 cells had approximately 
67 times more alcohol dehydrogenase activity than the 
parental Hep G2 cell line (Table I). Comparison of the 
alcohol dehydrogenase activity of HAD 73.1 cells to 
freshly isolated rat hepatocjd;es indicated that HAD 
73.1 cells exhibited approximately 40% of the alcohol 
dehydrogenase activity of freshly isolated rat hepato- 
cytes (Table I). In comparison, the parental cell line, 
Hep G2, had approximately 0.5% of the alcohol dehy- 
drogenase activity of freshly isolated rat hepatocytes. 

To determine if the alcohol dehydrogenase activity 
observed in the HAD 73.1 cells was a result of tran- 
scriptional activity of the exogenous murine alcohol de- 
hydrogenase cDNA, ribonuclease protection assays 
were performed. The results of these assays revealed 
a predominant band in the HAD 73.1 sample that comi- 
grated with the predominant band in a murine liver 
sample (Fig. 1). This band was absent in both the Hep 
G2 and human liver samples (although a much smaller 
band was detected in the human liver sample, data not 



shown). Furthermore, when assaying HAD 73.1 and 
Hep G2 samples with a probe specific for human cyto- 
chrome P450IIE1, we were unable to detect transcrip- 
tion of the gene in either sample. Hybridization of the 
HAD 73.1 and Hep G2 samples with either a GAPDH 
or /3-actin probe revealed that similar amounts of HAD 
73.1 and Hep G2 RNA were analyzed (data not shown). 
These results indicate that the alcohol dehydrogenase 
activity observed in the recombinant HAD 73.1 cells 
was likely due to the expression of the exogenous mu- 
rine alcohol dehydrogenase cDNA. 

We next investigated the ability of HAD 73.1 cells to 
metabolize ethanol directly. Both HAD 73.1 cells and 
control Hep G2 cells were cultured in the presence of 
10 mM ethanol and samples removed at various times 
over the course of 82 h. The results shown in Fig. 2 
indicate that there was a draniatic difference in the 
ability of the two cell Unes ability to metabolize ethanol. 
HAD 73.1 cells completely metabolized this concentra- 
tion of ethanol within 82 h, whereas, very little ethanol 
had been metabolized by the Hep G2 cells during this 
same time period. 

To insure that the metabolic activity observed in 
HAD 73.1 cells was in fact due to alcohol dehydroge- 
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FIG. 1. Expression of murine alcohol dehydrogenase m the recom- 
binant HAD 73.1 cell line. RNase protection assays were performed 
using a 513-base munne alcohol dehydrogenase antisense |-'^P]UTP- 
labeled riboprobe and 5 ng of total RNA isolated from HAD 73.1 cells 
and Hep G2 cells or 2 pig of total RNA isolated from murine and 
human hepatocytes. Lane 1, murine hepatocytes; lane 2, HAD 73.1 
cells; lane 3, Hep G2 cells; lane 4, human hepatocytes. 
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0 10 20 30 40 50 60 70 80 90 

FIG. 2. Ethanol metabolism by recombinant HAD cells. The con- 
centration of ethanol in cultures of HAD 73.1 cells ( ♦ ) and Hep G2 
cells (•) cultured in the presence of 2 mM pyrazole and HAD 73.1 
cells (■) and Hep G2 cells (A) cultured in the absence of 2 mM 
pyrazole was monitored. Samples were removed at the indicated time 
points and the ethanol concentrations determined by headspace gas 
chromatography. The data are expressed as means of four experi- 
ments ± the SEM. 



nase, we monitored the ability of both the HAD 73.1 
and Hep G2 cells to metabolize ethanol in the presence 
of the potent alcohol dehydrogenase inhibitor, pyrazole. 
The results also depicted in Fig. 2 show that inclusion 
of 2 mM pyrazole in the culture media dramatically 
inhibited the ability of HAD 73.1 cells to efficiently 
metabolize ethanol, effectively reducing their ethanol 
metabolizing capacity to that of the parental Hep G2 
cell line (Fig. 2). Because complete DMEM normally 
contained 1 mM pyruvate, and pyruvate has been 
shown to augment the ability of hepatocytes to metabo- 
lize ethanol (18), we repeated these experiments in the 
presence of 10 mM pyruvate or in its complete absence. 
We observed no difference in the ability of these cells 
to metabolize ethanol under these conditions (data not 
shown). Together these results indicate that HAD 73.1 
cells had a substantially greater capacity to metabolize 
ethanol than Hep G2 cells and that this capability was 
mediated by alcohol dehydrogenase. Comparison of 
HAD 73.1 cells to freshly isolated rat hepatocytes indi- 
cated that HAD cells metabolized ethanol at approxi- 
mately 70% of the rate of freshly isolated rat hepato- 
cytes (Table I). This is in contrast to the alcohol dehy- 
drogenase activity observed in HAD cell lysates (Table 
I), which was approximately 40% of that observed in 
rat hepatocyte lysates. 



The highly reactive compound, acetaldehyde, is the 
first metabolite produced by the alcohol dehydroge- 
nase-mediated oxidation of ethanol. Because acetalde- 
hyde has been implicated as a mediator of ethanol- 
induced hepatic cell injury (5, 6), it was of interest to 
determine the levels of acetaldehyde produced by HAD 
73.1 cells. The data shown in Fig. 3 indicated that acet- 
aldehyde concentrations during ethanol oxidation rap- 
idly rose, reaching 50 fjM by 28 h and then gradually 
decreased to basal levels by 90 h. 

In an attempt to determine the cause of the treuisient 
nature of the relatively high acetaldehyde concentra- 
tions, a similar experiment using 20 mM ethanol was 
performed to ensure that the ethanol concentrations 
remained substantially greater than the of alcohol 
dehydrogenase throughout the sampling period. Al- 
though culturing HAD 73.1 cells in 20 mM ethanol ap- 
peared to augment the acetaldehyde levels, a similar 
pattern of acetaldehyde elimination was observed (Fig. 
4), suggesting that the decrease in acetaldehyde con- 
centrations upon prolonged incubation was not solely 
due to the decrease in ethanol available for metabolism. 

To investigate the cause of the gradual decrease in 
acetaldehyde concentrations with time despite a con- 
stant rate of ethanol metabolism, we determined the 
level of aldehyde dehydrogenase activity in HAD 73.1 
cells either prior to or following ethanol exposure. The 
results of these experiments revealed that HAD 73.1 
cells exhibited approximately 40.8 ± 7.8 nmol/h/mg to- 
tal cellular protein of low K„, aldehyde dehydrogenase 
activity and 75.6 ± 16 nmol/h/mg protein of total alde- 
hyde dehydrogenase activity. Following ethanol expo- 
sure, the values were determined to be 38.5 ± 5.6 nmol/ 
h/mg protein and 94.2 ± 15.4 nmol/h/mg for the low 
K„ and total aldehyde dehydrogenase activity, respec- 
tively. This activity compares to 177.8 ± 38.4 nmoVh/ 
mg protein and 583.1 ± 92.1 nmol/h/mg protein for 
the low K,„ and total aldehyde dehydrogenase activity, 
respectively, which was observed in freshly isolated rat 
hepatocytes. These data suggest that there is no differ- 
ence in aldehyde dehydrogenase activity following eth- 
anol exposure, and cannot by themselves account for 
the observed decrease in acetaldehyde. 

We also investigated the ability of naive HAD 73.1 
cells and HAD 73.1 cells exposed to ethanol for 24 h to 
clear exogenous acetaldehyde from the culture media. 
There was no difference in the acetaldehyde clearance 
between these two groups (Fig. 5), again suggesting 
that the apparent increased disappearance of acetalde- 
hyde was not due to an increase in the activity of alde- 
hyde dehydrogenase. Furthermore, to determine if the 
alcohol dehydrogenase activity of the HAD cells had 
any effect on the clearance of exogenous aceteddehyde 
via its reduction back to ethanol, we investigated the 
ability of HAD 73.1 cells to metabolize acetaldehyde in 
the presence and absence of pjTazole. There was no 
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FIG. 3. Acetaldehyde production in HAD cell cultures. HAD 73.1 cells were cultured in the presence of 10 mM ethanol and samples 
removed at the indicated time points. Both the ethanol (■) and acetaldehyde (•) concentrations were determined by headspace gas chromatog- 
raphy. The data are expressed as means of 12 experiments ± the SEM. 



difference in the ability of these two groups to metabo- 
hze acetaldehyde (data not shown). 

In an attempt to determine if the levels of endoge- 
nous acetaldehyde produced by HAD 73.1 cells could 
be increased, the ethanol metabolism experiment was 
repeated in the presence of cyanamide, an inhibitor of 
aldehyde dehydrogenase. The results of this experi- 
ment shown in Fig. 6 revealed that ethanol metabolism 
by HAD 73.1 cells cultured in the presence of cyana- 
mide resulted in acetaldehyde levels three to four times 
greater than in HAD 73.1 cells cultured in its absence. 
The augmented levels of acetaldehyde produced by the 
cells cultured in the presence of cyanamide were sus- 
tained for 30 h and then gradually decreased. Hep G2 
cells were included as controls in these experiments, 
they metabolized little ethanol and produced undetect- 
able levels of acetaldehyde (data not shown). 

DISCUSSION 

Hepatocytes cultured in vitro for extended periods 
lose the ability to express many of the liver-specific 
functions that they perform in vivo. Among the attri- 
butes lost in cultured hepatocytes are the expression 
of alcohol dehydrogenase and the ability to efficiently 
metabolize ethanol. Thus, it has been difficult to study 
the effects of chronic ethanol oxidation in cultured cells. 
Recently, Mapoles et al. (25) reported the establish- 
ment of a Chinese hamster ovary cell line, which stably 



oxidizes ethanol and produces acetaldehyde. In an at- 
tempt to establish a suitable in vitro model that more 
closely resembles hepatic ethanol oxidation, we have 
inserted the coding region of the murine liver Adh-1 
alcohol dehydrogenase gene into the human hepatoma 
cell line Hep G2. Although Hep G2 cells are phenotypi- 
cally similar to hepatocytes in that they synthesize and 
secrete many plasma proteins normally produced by 
hepatocytes (8, 9), they express very little alcohol dehy- 
drogenase (10). Conversely, the recombinant HAD 73.1 
cells, developed in this study, express approximately 
40% of the alcohol dehydrogenase of freshly isolated 
rat hepatocytes and metabolize ethanol approximately 
70% as efficiently as freshly isolated rat hepatocytes. 

Comparing the sJcohol dehydrogenase data with the 
ethanol metabolism data, it appears HAD 73.1 cells 
express alcohol dehydrogenase (234 nmol/h/mg protein) 
as efficiently as they metabolize ethanol (240 nmoVh/ 
mg protein). In contrast, the freshly isolated rat hepa- 
tocytes exhibit approximately 610 nmol/h/mg protein 
of alcohol dehydrogenase activity but metabohze ap- 
proximately 350 nmol/h/mg protein of ethanol. Thus, 
our data suggest that the metaboUsm of ethanol in 
HAD 73.1 cells is limited by alcohol dehydrogenase ac- 
tivity while the metabolism of ethanol in freshly iso- 
lated hepatocytes is not. Consistent with this conclu- 
sion is the fact that pyruvate was unable to augment 
the rate of ethanol metabolism in HAD 73.1 cells, but 
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Time (hr) 

FIG. 4. Comparison of acetaldehyde produced in HAD 73.1 cell cultures as a function of ethanol concentration. HAD 73.1 cells were 
cultured in either 7.5 mM {•) or 20 mM (■) ethanol. Samples were taken at the indicated time points and the acetaldehyde concentrations 
were determined by headspace gas chromatography. The insert shows the clearance of ethanol under these two cultures conditions during 
sampling. The data are expressed as means of four experiments ± the SEM. 




Time (min) 

FIG. 5. Clearance of exogenous acetaldehyde by HAD cells. HAD 
73.1 cells were exposed to 60 fiM acetaldehyde either before (■) or 
after (•) 24 h ethanol exposure as described under Materials and 
Methods. Samples were taken at the indicted time points and acetal- 
dehyde concentrations determined by headspace gas chromatogra- 
phy. The data are expressed as means of four experiments ± the 
SEM. 



Time (hr) 



FIG. 6. Acetaldehyde production in HAD 73.1 cell cultures in the 
presence of cyanamide. HAD 73.1 cells were cultured in 10 mM etha- 
nol in the presence (■) or the absence (•) of 0.1 mM cyanamide. 
Samples were taken at the indicated time points and the acetalde- 
hyde concentrations were determined by headspace gas chromatog- 
raphy. The data are expressed as means of four experiments ± the 
SEM. 
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has been shown to do so in isolated hepatocytes. There- 
fore, it appears that some other factor(s), perhaps the 
availabiUty of the cofactor NAD^ hmits ethanol metab- 
oUsm in isolated hepatocytes. Furthermore, the simi- 
larities between the expression of alcohol dehydroge- 
nase and the metabolism of ethanol by HAD 73.1 cells 
suggests that other ethamol metabolizing pathways 
(e.g., cytochrome P450 and catalase) are not major con- 
tributors to the activity observed in HAD cells. 

We have chosen to express the ethanol metabolism 
data as nmol of ethanol oxidized/h/mg of total protein. 
Expressing the data in these terms indicates HAD 73.1 
cells metabolized ethanol approximately 70% as effi- 
ciently as control hepatocytes. It should be pointed out 
that HAD cells are considerably smaller than hepato- 
C3^es, and therefore, when compared on a per cell basis, 
HAD cells metabolize much less ethanol than hepato- 
cytes (approximately 15-20%). 

Acetaldehyde is the first product of alcohol dehydro- 
genase-mediated oxidation of ethanol. Acetaldehyde is 
a very reactive compound and has been shown to bind 
various hepatic proteins (26, 27) and affect a number 
of cellular functions, including DNA repair (28), micro- 
tubule assembly (29), fatty acid oxidation (30), and mi- 
tochondrial respiration (31). Thus, it has been proposed 
that acetaldehyde is a mediator of alcohol-induced he- 
patic cell toxicity. 

We have shown in this study that acetaldehyde is 
produced by HAD 73.1 cells, rapidly reaching a peak 
of approximately 50 and then gradually decreasing 
to basal levels. These micromolar levels of acetaldehyde 
are similar to those reported in the liver of animals 
(32) and humans following ethanol exposure (33). Fur- 
thermore, our results indicate that the levels of acetal- 
dehyde produced by HAD 73.1 cells can be manipulated 
by using the aldehyde dehydrogenase inhibitor, cyana- 
mide. Thus, this system may to be an excellent model 
for the study of acetaldehyde-mediated hepatic cell tox- 
icity. 

One finding associated with the oxidation of ethanol 
by HAD 73.1 cells was that the levels of acetaldehyde 
detected in cells exposed to ethanol gradually decrease 
over time. This decrease did not appear to result from 
reduced oxidation of ethanol by HAD 73.1 cells or a 
decrease in the rate of acetaldehyde production. We 
also determined that ethanol exposure did not increase 
aldehyde dehydrogenase activity in these cells or the 
ability of these cells to clear acetaldehyde. Further- 
more, we determined that the disappearance of the ma- 
jority of the acetaldehyde was indeed the result of oxi- 
dation of acetaldehyde by aldehyde dehydrogenase 
because inhibiting aldehyde dehydrogenase with cyan- 
amide altered the rapid decrease in acetaldehyde 
levels. 

As mentioned above, the activity of aldehyde dehy- 
drogenase observed in the HAD 73.1 cells cannot en- 



tirely accoimt for the decrease in acetaldehyde. It has 
been suggested that an inability to account for all the 
acetaldehyde produced by the oxidation of ethanol may 
be a result of its covalent binding to proteins, rendering 
it unavjulable for stsuidard detection methods (34). We 
have detected the presence of acetaldehyde-protein ad- 
ducts in HAD cells chronically exposed to ethanol 
(D. L. Clemens and D. J. Tuma, unpublished results). 
Thus the formation of acetaldehyde-protein adducts 
may also account for the apparent disappearance of 
some acetaldehyde produced during the oxidation of 
ethanol by HAD 73.1 cells. Experiments designed to 
further investigate the apparent decrease in the levels 
of acetaldehyde are currently under way. 

In summary, we have established a cell line of he- 
patic origin that stably and constitutively expresses 
alcohol dehydrogenase. These cells designated HAD 
73.1 cells efficiently metabolize ethanol and produce 
acetaldehyde. Construction and use of these cells will 
allow a differentiation between the hepatotoxic effects 
of ethanol itself and its oxidation products. Thus, it is 
hoped that these HAD cells will be useful in exploring 
the mechanism(s) that underlie many of the hepatic 
impairments associated with the oxidation of ethanol 
and the formation of acetaldehyde-protein adducts. 
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